The economy is a complex system with many aspects having different interrelated dimensions. Many of these different aspects of the economy may have consequences for the quality of water. Therefore a clear but complex link exists between the economy and the quality of water. This relationship is currently an important issue in estimating the costs of implementing the Water Framework Directive. There are many mechanisms by which the Water Framework Directive affects water quality and the economy. The Water Framework Directive sets water quality targets at river basin level. This is partly explained by the fact that water pollution is very much a local environmental problem. Between river basins exist large differences in emissions to water and economic activity. As a result, the emission-intensity, here defined as the ratio between emissions and value added, differs between river basins. This paper tries to give an answer to why there are differences in emission-intensity between river basins in The Netherlands. In doing so, we will focus on differences in economic structure and environmental efficiency.
Introduction
Sustainable economic development is an increasingly important issue among policymakers and the public. There is thus a high demand for statistics that can support the measurement and analysis of sustainable development. The system of integrated environmental accounts, also known as SEEA (UN, 2003) , is a useful tool for monitoring, measuring and analyzing the relationship between environmental policies and the economy by providing consistent time series of data, tables and accounts. The SEEA is a satellite system of the System of National accounts. It brings together economic and environmental information in a comprehensive framework to measure the contribution of the environment to the economy and the impact of the economy on the environment. Specific accounts cover natural resources such as oil and gas, material flows, air emissions, water emissions, waste, and environmental expenditure. At international level the water accounting framework 'the System of Environmental-Economic Accounting for Water', commonly referred to as SEEAW, has been prepared by the United Nations Statistics Division (UNSD, 2006) . The SEEAW is a conceptual framework for the organization of physical and economic information related to water using concepts, definitions and classifications consistent to those of the System of National Accounts 1993 (UN, 1993) . The SEEAW framework is an elaboration of that in the handbook Integrated Environmental and Economic Accounting 2003 (UN, 2003 ). 2005 . NAMWARIB provides economic and environmental related information at the level of four main river basin districts in the Netherlands; Rhine (Rijn), Meuse (Maas), Scheldt (Schelde) and Ems (Eems). In view of the fact that the Rhine basin covers approximately 70 percent of the entire Dutch territory, this basin is furthermore split into four sub regions: North, West, East and Centre. The Dutch river basin districts are presented in figure 1.
In this paper we make use of the emission accounts at river basin level which provide information on the release of pollutants in wastewater in physical units and of the economic information at river basin level which are both provided by NAMWARIB. The importance of these accounts is strengthened by the introduction of the European Water Framework Directive (WFD). The WFD states that all domestic waters should meet certain targets by 2015, as well in quality as in quantity.
In this paper the differences in emission-intensity, here defined as the ratio between emissions and value added between regions, are investigated. Data has been used on emissions and economic variables for 58 different sectors in the economy. We will try to indicate whether the differences in emission intensity can be traced back to differences in structure of the economy or to differences in environmental efficiency of industries. This analysis is done with use of the so called 'shift share methodology'. This methodology has been used in the 1960s to explain regional differences in productivity and employment (Dunn, 1960) . Here we want to explain regional differences in emission-intensities. The specific method we used is based upon the work of Mazzanti & Montini (2009) and Esteban (2000) .
First, we will concentrate on macro figures on emissions and value added. Subsequently, we will have a look at the data on sector level. Next we will present the methodology used to trace back differences in emission intensity due to economic structure and/or environmental efficiency. After presenting the results we get to the conclusion.
Data on emissions and the economy at macro and sector level
The two most important groups of substances causing environmental problems are heavy metals and nutrients (phosphorus and nitrogen). Heavy metals, like arsenic, cadmium, chrome, copper, mercury, lead, nickel and zinc are natural to some extend, but are toxic in high concentrations. An excess amount of phosphorus and nitrogen in the water causes algae and duckweed to grow disproportional, which can cause certain species of fish, high water plants and other organisms to die off (CBS, 2008) . In the NAMWA, the emission of nutrients and heavy metals to the water are allocated to the economic activity which they cause, based on the 'residents' principle. One important pillar for making reliable water emission accounts is the availability of a consistent time series of water emission data. In the Netherlands, these data on water emissions are compiled by a number of governmental institutions working together in the framework of the Pollutant Release and Transfer Register (PRTR). Statistics Netherlands is one of the partners in this project. The database of the PRTR is situated at the Netherlands Environmental Assessment Agency and contains all identified emissions to water, air and soil within the Netherlands territory. Emissions can be presented for a large selection of sources like industry branches, consumers, transport traffic and agriculture. The database facilitates presentation of regional data; for water emissions in particular per water quality management authority (water board) or per Water Framework Directive (sub) river basin. The regional data are accessible for the general public via the website www.emissieregistratie.nl. Part of total emissions is reported by the companies themselves via environmental reports and part of the emissions is estimated by means of calibrating techniques. The mentioned website supplies information on methods for estimating emissions to water.
In figure 2, value added and emissions to water in 2005 for the various river basins are presented. The largest part of value added in 2005 is created in Rhine-West (50 percent of total value added) while the smallest parts are created in river basins Ems and Scheldt (only less than three percent). Rhine-West is responsible for 45 percent of total emissions while the river basins Ems and Scheldt are responsible for 6 and 7 percent of total emissions in the Netherlands.
Viewed nationally, the emissions of heavy metal equivalents (Adriaanse, 1993) to water by companies in the Netherlands have decreased constantly in the period [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] . At the same time, the economy has grown quite rapidly. As a result, the emission intensity had decreased substantially. In other words, environmental performance of companies and institutions has improved substantially in this time period. However, with regard to the river basins, there are large differences between economic growth and emissions of heavy metals. In figure 3 , growth in value added and reduction in emissions for the different river basins is presented. In the period 1995-2005 economic growth in the river basin Rhine Central was 39 percent, while in the Ems river basin it was only 8 percent. In the Ems area emissions of heavy metals fell only slightly, while emissions in Rhine West dropped considerably. As a result, the emission intensity dropped the most in the Rhine West area. In spite of high economic growth in this region, emissions decreased substantially. One reason for this was the reorganisation of the fertiliser industry in the area. This industry emitted large amounts of heavy metals. The decrease in emission intensity was smallest in the Ems river basin. The emission-intensity is calculated at river basin level for 1995 and 2005 and this is presented in figure 4 .
The emission-intensities of the different regions can be deducted with the emission-intensity of the Netherlands (based upon the sum of the regions). It then becomes clear how the region is doing in terms of emission-intensity in comparison to the national average. Figure 5 displays the difference in emission-intensity of the regions compared with the Netherlands for the period 1995-2005. Most regions are not performing as well as the national average. These regions are Scheldt, Ems, Rhine-East, Rhine-Central and Rhine-North. The regions Rhine-West and Meuse are performing better than the Dutch average.
It is even more interesting to look at sector level by analysing why emissions are high in some river basins and low in other river basins. The distribution of value added and emissions to water over economic sectors differs a lot between river basins. Tables 1 and 2 give a clear picture of the share of value added created by a particular sector in the economy and the related emissions to water (measured in heavy metal-equivalents).
Methodology
The main question in this paper is how differences in emission-intensity between regions can be explained and to what extent certain economic sectors play a role in explaining these differences. In explaining differences in emission-intensity, we concentrate on economic efficiency, economic structure and different sectors.
Data is used on emissions and economic variables for 58 different sectors (aggregated to 3 sectors) in the economy. Then we will try to indicate whether the differences in emission intensity can be traced back to differences in structure of the economy or to differences in environmental efficiency of industries. This analysis is done with use of the so called 'shift share methodology'. This methodology has been used in the 1960s by Dunn to explain regional differences in productivity and employment. Here we want to explain regional differences in emission-intensities. The specific method used here is based upon the work of Mazzanti & Montini (2009) and Esteban (2000) .
This formulated problem is mathematically written as follows: Empirical model for explaining differences in emission-intensity between regions: 
, represents the industry mix effect of agriculture.
The industry mix effect of manufacturing (I) and Services (S) is calculated using the same line of reasoning as for agriculture (A) (see appendix 1).
, represents the efficiency effect of agriculture.
The efficiency effect of manufacturing (I) and Services (S) is calculated using the same line of reasoning as for agriculture (A) (see appendix 1).
, represents the share of emissions of agriculture in total emissions in region r.
This share of emissions is also calculated for manufacturing (I) and Services (S) (see appendix 1).
, represents the share of value added of agriculture in total value added in region r.
This share of value added is also calculated for manufacturing (I) and Services (S) (see appendix 1).
The data entered in the model are the emissions to surface water and waste water over the years 1995, 2000, 2004 and 2005 . The emitted heavy metals are arsenic, cadmium, chrome, copper, mercury, lead, nickel and zinc. The emitted nutrients are phosphor and nitrogen. The included river basins are Meuse, Scheldt, Ems, Rhine-West, Rhine-East, Rhine-North, Rhine-Centre. Data on emissions and economic variables is available for 58 different economic sectors. This results in 280 (10 × 4 × 7) unique data points.
Results and discussion
Differences in emission-intensity are explored using two tools, namely the regression analysis, whose results are presented in table 3, and a more intuitive graphical tool. This graphical tool represents emission-intensities at sector level (heavy metal equivalents). This has been done for three sectors: Agriculture, Manufacturing and Services (aggregated from the 58 sectors). Together these sectors form the total economy of a particular region. These sector-specific emission-intensities can also be deducted with the Dutch average for the particular sector under consideration. By means of these tools, the differences in emission-intensity between river basins are explained. This explanation is at sector level. Agriculture, manufacturing and services will subsequently be discussed hereafter.
Agriculture
Differences between regions in the economic structure of agriculture can have a significant influence on the difference in emission-intensity between regions. Agriculture can be represented by a lot of horticulture in one region (e.a. Rhine West), while in the other region arable farming is strongly represented (e.a Rhine North). Arable farming is on average more emission-intensive than horticulture. In order to explain differences in overall emission-intensity, differences in the structure of agriculture can sometimes be a significant explaining factor for some toxic substances. For the substances copper, lead, nickel, phosphorus and nitrogen the structure of agriculture is a significant factor in explaining differences in emission-intensities between regions.
A difference in environmental efficiency is also an explaining factor for differences in emission-intensities between regions. At industry level, one can compare environmental efficiency between regions. For example, arable farming in region A emits per euro value added more emissions to water than arable farming in region B. Accordingly, arable farming in region A is performing in a less environmental friendly way than arable farming in region B. In other words, environmental performance of arable farming in region A is worse than in region B. For the substances cadmium, lead, nickel, zinc, phosphorus and nitrogen holds that differences in environmental performance is a significant explaining factor for the differences in emission-intensity between regions.
The graphical tool for agriculture is presented in figure 6 . This figure presents pollution per euro added value for different river basins in the years 1995, 2000 and 2005. Considering agriculture, the emission-intensity in the Meuse region is smaller than the Dutch average. In the Meuse region, environmental regulation related to manure treatment is very strict (LEI, 2006) . This is because there are a lot of sandy soils in the Meuse region which are very vulnerable for run-off of heavy metals and nutrients. Life stock activities in this area are very intensive and are responsible for a lot of value added in this area. A large part of the produced manure is transported to areas other than Meuse (CBS, 2007) .The manure intensive sector, life stock farming, thus transports its environmental problems to other regions.
In Rhine West, the emission intensity is lower than the Dutch average as well. This is explained by the large horticulture sector in this area. This sector is creating a lot of value added while emissions to water are relatively small. In contrast, arable farming is relatively large in the Ems and Rhine North areas. This sub sector of agriculture creates relatively little value added while the activities go along with a lot of emissions to water indirectly by the run-off of agricultural land to surface water.
Manufacturing
Differences between regions in the economic structure of manufacturing can have a significant influence on the difference in emission-intensity too. Manufacturing can strongly be represented by for example the chemical and metal sector in one region while in the other region printing and publishing is strongly represented. The chemical and metal sectors are more emission-intensive than for example printing and publishing on average. In order to explain differences in emission-intensity, differences in the structure of manufacturing can be a significant explaining factor. For the substances arsenic, cadmium and copper hold that the structure of manufacturing is a significant factor in explaining differences in emission-intensities between regions. For the other substances hold that differences in the structure of manufacturing is not significantly explaining the differences in emission-intensity. For the substances cadmium, mercury, lead and phosphorus holds that differences in environmental performance in manufacturing is a significant explaining factor for the difference in emission-intensity.
The graphical tool for manufacturing is presented in figure 7 . This figure presents pollution per euro added value for the various river basins in the years 1995, 2000 and 2005. The manufacturing sector in river basin Meuse is less emission intensive than the Dutch average (see figure 7) . However, the environmental advantage of river basin Meuse has declined over time. This is displayed by the conversion of Meuse's emission-intensity to the Dutch average over time. Emission intensity in Rhine West was higher than the Dutch average in 1995, but hereafter Rhine West's emission intensity improved due to the reorganisation of the fertiliser industry. Emissions reduced sharply while value added declined only slightly. Manufacturing in river basins Ems and Scheldt emitted more emissions to water per euro value added created than the Dutch average. This is due to fact that the chemical sector is quite big and very emission intensive in these two regions. The emission-intensive metal sector is also quite large, especially in the Scheldt region. This is partly explained by the favourable locations of industrial zones nearby important shipping routes in these river basins. Indeed, the metal-and chemical sector produce a lot for foreign consumption (exports). Manufacturing in Rhine East, Rhine North and Rhine Central has a less emission-intensive character. Many manufacturing activities in these regions are represented by less emission-intensive industries. The bad environmental efficiency in Scheldt and Ems is partly explained by more flexible environmental regulation directed by local authorities. The emission permissions issued by 'Rijkswaterstaat' (Dutch water regulator) are more flexible in these regions. The license holder fine tunes the permission in accordance with the impact on the aquatic system. The aquatic system in large outside waterways is less vulnerable than small river aquatic systems. Environmental efficiency may have been bad in these regions but the expected environmental performance (i.e. the impact on water quality) could indeed be reasonable. Apparently, the companies in these regions took advantage of these flexible permissions. The analysis done here is based upon initial emissions to water, not on the final impact on water quality.
Services
Lastly, differences between regions in the economic structure of services can have a significant influence on the difference in emission-intensity between regions. Services can strongly be represented by the environmental services or health services in one region while in the other region financial services, retail -and wholesale trade are strongly represented. Environmental services and health services are more emission-intensive than for example financial services, retail -and wholesale trade on average. In order to explain differences in emission-intensity, differences in the structure of services can be a significant explaining factor. For the substances chromium, copper, mercury and nickel hold that the structure of services is a significant factor in explaining differences in emission-intensities between regions. For the other substances hold that differences in the structure of services is not significantly explaining differences in emission-intensity. For the substances arsenic, cadmium, mercury, nickel, phosphorus and nitrogen hold that differences in environmental performance in services is a significant explaining factor for the difference in emission-intensity.
The graphical tool for services is presented in figure 8 . This figure presents pollution per euro added value for the different river basins in the years 1995, 2000 and 2005. With regard to the services sector, the emission-intensity in the Scheldt area is extremely high compared to the Dutch average and the other areas. This is explained by the fact that there exists a lot of transport over water in this river basin. Transport over water causes a lot of copper and cadmium emissions due to the anti fouling paint used on boats. A lot of toxic substances are emitted in the Scheldt river basin, while the responsibility for this emission burden, at least for the biggest part, does not lie on Dutch residents but on foreign residents. A lot of these foreign transport boats are crossing the Dutch part of the Scheldt river basin on their way to Antwerp (Belgium) and back. For now, these emissions are attributed to transport over water in the Scheldt river basin. On the other hand, the economic value of the transport activities is based upon the resident principle (in line with the National Accounts) instead of upon the territory principle. This leads to an extremely high emission-intensity of the transport over water sector in the Scheldt river basin. This emission-intensity must be interpreted very carefully because the ratio is based upon two different principles. In the future a method for differentiating 'residents emissions' and 'non-residents emissions' needs to be developed in order to correct for this statistical mismatch related to emissions of transport over water. The emission-intensity of river basin Meuse is also quite high. This is explained by the relatively low emission efficiency of the environmental services sector.
Conclusion
Differences in economic structure have an important role in explaining the variance in emission-intensity between regions. Even if one corrects for differences in economic structure, differences in emission intensity remain. This leads us to believe that a difference in environmental efficiency of industries between river basins also plays an important role. In this paper it has been tested which factors play a significant role in explaining differences in emission-intensity. It is important to note that differences in emission-intensities between river basins are very large, especially in agriculture.
The differences in emission-intensities for the sector agriculture are much larger than the differences seen in manufacturing and services. This indicates that the structures of the agricultural sector as well as the environmental performance of a particular sub sector of agriculture are both very important indicators for the overall emission intensity of a particular region.
The emission-intensity for the sector agriculture in Rhine-West is lower than the Dutch average, which is explained by the large horticulture sector in this area. This sector is creating a lot of value added while emissions to water are relatively small. In contrast, arable farming is relatively large in the Ems river basin. This sub sector of agriculture creates relatively little value added while the activities go along with a lot of emissions to water. Here the economic structure plays an important role in explaining overall emission-intensity. Transportation of produced manure is a way to improve environmental efficiency of agriculture in one region. Still this measurement creates an environmental problem for another region.
Manufacturing in Ems and Scheldt emit more to water per euro value added created than the Dutch average. This is explained by the large chemical sector which is quite emission intensive in these two regions. The metal sector is also quite large here, especially in the Scheldt region. This is partly explained by the favourable locations of industrial zones nearby important shipping routes in these river basins. Bad environmental efficiency of manufacturing in Scheldt and Ems is partly explained by more flexible environmental regulation directed by local authorities.
With regard to the services sector, the emission-intensity in the Scheldt area is extremely high compared with the Dutch average and the other areas. This is explained by the fact that there exist a lot of transport over water activities in this river basin. Here a statistical problem needs to be solved. The economic value of the transport activities at river basin level is based upon the resident principle while the calculation of emissions is based upon the territory principle. A recommendation would be to construct a method for differentiating 'residents emissions' and 'non-residents emissions' related to emissions of transport over water at river basin level.
Differences in emission-intensity are explained by various factors. Some factors have significant impact while other factors don't explain the difference in emission-intensity significantly. The factors which explain the differences are very 'substance' dependent. What holds for substance X does not necessary hold for substance Y. This conclusion leads to the recommendation that emissions to water and water quality should be analysed at river basin level and at substance level. Problems related to water emissions cannot properly be analysed if one looks at national data and to emissions of heavy metal equivalents and nutrients equivalents only. Data at river basin level can help to get a better picture of the problems in the river basin and can ultimately help in developing better water quality measurements for the river basin. Data at national level alone is not sufficient in developing these policies. The availability of economic and emission data at river basin level is vital in developing and implementing emission reduction programmes at minimum costs to society as a whole. , share of value added of services in total value added in region r
Appendix 2
Share in total emissions per river basin (data at substance level) 
